Sachet water, popularly known as "pure water" has become an Background: invaluable entity in most Ghanaian households. Despite its importance, there is no extensive nationwide investigations on its wholesomeness for consumption. The aim of this study was to determine the microbiological quality of 41 brands of sachet water sampled in 16 districts across 5 regions in Ghana.
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Introduction
The occurrence of packaging water into sachets popularly referred to as "pure water" is one of the most lucrative business ventures in some West African countries including Ghana 1 . This business has gained much popularity and acceptance among the Ghanaian populace particularly because in the past, drinking water was sold in cups and plastic bags hand-tied at one end; a practice which was faced with a lot of sanitary issues 2 . Currently, the exact numbers of sachet water companies is unknown, as new ones spring up almost daily. There are more unregistered producers than registered ones, with the current estimate of registered producers reaching 3,000 2 . "Pure water" contains 500ml of water in a clear plastic bag that is electrically heated and sealed at opposite ends. Water used for "pure water" is mostly obtained from ground water, springs and potable pipe-borne water. Prior to packaging, the water goes through a number of treatment processes, mainly filtration, in an attempt to make it cleaner and safer for consumption 3 . Most households and families depended greatly on tap water from the Ghana Water Company Limited (GWCL) for drinking and household activities including cooking 1 . However, with the frequent shortages associated with the supply of potable water across the country, and the questionable quality of the water supplied, many households and families in Ghana have resorted to using "pure water" mostly for drinking and cooking purposes 4 .
According to WHO guidelines, water for drinking must not present any significant risk to the health of the consumer over a lifetime of consumption 5 . Neither should the consumption of such water present different sensitivities that may arise between life stages. Invariably, safe drinking water should be colorless and tasteless, free from harmful chemicals as well as other suspended materials and most importantly should be devoid of disease-causing organisms 6 . Among many other concerns, the possibility of drinking water being the source of diseasecausing organisms and related illnesses has been a huge hurdle to overcome, especially in parts of developing countries where availability, accessibility and affordability of potable and safe drinking water continues to be a challenge 2, 5 .
Although the introduction of sachet water was intended to provide affordable and readily available safe drinking water for Ghanaians, investigations on its quality and wholesomeness for consumption have revealed considerable gaps especially with regards to microbial quality. Ngmekpele and Hawkins in 2015 analyzed the microbial and physicochemical properties of sachet water sold in Obuasi in the Ashanti region and found total coliform levels exceeding the WHO and the Ghana Standards Authority's accepted levels for drinking water. In addition, fecal coliform was also detected in one of the samples.
In a study to investigate the bacteriological quality of sachet water produced and sold in Teshie-Nungua, a suburb known for perennial water shortages, Addo et al. (2009) reported sachet water sampled with suspicious microbial contaminations based on the most probable number (MPN) values. Fecal coliforms were detected in several samples while some of the samples were also contaminated with Escherichia coli. Given the vast number of people that rely on sachet water for their drinking needs, it is imperative that its quality is of the highest standard to avert any future waterborne outbreaks related to its consumption.
The quality of packaged water assessed in Nigeria showed some levels of microbial contamination 6 . The results of the study indicated that bottled water has lower microbial load than sachet water. E. coli, Clostridium perfringens spore and fecal Streptococcus were the most common isolated microbe from the packaged water. A similar study on the quality of potable water in Benin showed that some of the drinking water tested had microbiological pollution exceeding the approved levels, hence making the drinking water not wholesome for consumption 7 . Although packaged water is an improved source of drinking water, it is not totally free from microbial contaminations; hence the need for enhanced monitoring strategies to ensure that packaged water is always safe for human consumption 8 .
In this study we sought to examine the microbiological quality of sachet water sampled across Ghana, with primary focus on fecal contaminations. Although there have been several similar studies in the country 3, 4, [9] [10] [11] , our study has a wider geographic coverage (with samples from five regions out of the ten regions in Ghana) including mostly peri-urban and rural settings compared to previous studies where mostly urban settings were considered.
Methods

Study sites and design
Sachet water samples were collected from 41 selected communities within 16 districts in 5 out of the 10 regions in Ghana. The selection of the sample collection sites was based on a careful
Amendments from Version 1
The current manuscript is a revised version of the previous one based on the review comments. The ranking of samples based on their most probable number (MPN) was added to the abstract. The sampling period was added to the methods. The references of Table 1 and Figure 1 were corrected in the manuscript. There was an added text stating that the map was generated based on the field data. The contribution of the level of urbanization to microbial sachet water contamination was discussed in the new version of the manuscript. The aseptic techniques applied during the sample processing was updated in this new version. The title of Figure 3 was changed. A conclusion session was added to the latest version as suggested by the reviewer. Aside from the above-mentioned updates, there were minor typographical errors that were corrected in the new version. 
See referee reports
Sample inoculation and incubation
We analyzed samples for the presence of total as well as fecal coliform (E. coli) using the Colilert*-18 Test Kit (with catalog number WP2001-8 from IDEXX Laboratories, Inc., Westbrook, Maine, USA) following the manufacturer's protocol. A set of quality controls were run for the lot of sachet water sampled within each region ( Figure 2 ). Briefly, ATCC strains of Escherichia coli (ATCC 25922), Klebsiella pneumonia (ATCC 31488) and Pseudomonas aeriginosa (ATCC 10145) were each transferred with sterile loops into three sterile containers coated with sodium thiosulfate and each filled with 100 ml of sterile water. A similar set up with deionized water and Colilert*-18 substrate only served as negative control. After 18 hours of incubation at 35°C, each Quanti-Tray was compared with a Quanti-Tray comparator for the presence or absence of total coliform. E. coli enumeration was performed by observing wells under a 6-watt, 365-nm UV light in the dark. The results were read following the interpretations in Table 1 . Aseptic techniques were strictly followed to prevent laboratory based contaminations and this was confirmed by the negative controls. 
Statistical analysis
Proportions of sachet water samples that were positive for E. coli and total coliform were compared across the five regions using Chi-square test with Yates correction for continuity using Microsoft excel (Microsoft Office 2013). The Marascuilo's test of equality of several proportions was then used to compare pairs of proportions where the Chi-square test rejected the null hypothesis.
Results
Sachet water microbiological quality
One branded sachet water with the most patronage was collected in triplicate from each of the 41 communities. Twenty-four (58.5%) samples tested positive for the presence of total coliforms with 7 (17.1%) of the positive samples positive for fecal E. coli. No E. coli was detected in the Central Region samples. The highest MPN for total coliform and fecal E. coli was estimated at 1299.7 and 27.5 respectively with samples from the Volta region having more positive total coliforms and E. coli compared to other regions (Table 2 ). However, results from Chi-square and Marascuilo tests showed that, the proportion of sampled sachet water that was positive for E. coli was significantly different across the five regions while the proportion that were positive for total coliform did not differ significantly across the five regions ( Figure 3 and Supplementary File 1; Supplementary  Table 1 and Supplementary Table 2 ). consideration of the sampling site of previous studies 1,3 which were all based in the Greater Accra Region. The water samples were collected between May to June 2015. The communities were selected from the southern/coastal belt (comprising communities in Central and Volta Regions), the middle belt (comprising communities in the Ashanti and Eastern Regions) and the northern belt (comprising communities in the Northern Region) of Ghana. These communities gave a fair representation of rural, urban as well as peri-urban communities in Ghana thus giving the study a wider geographic coverage (Figure 1 ). The selected communities comprised towns and villages where sachet water is sold by retail shops and hawkers 12 . The study was designed to evaluate the microbial quality at the point of consumption of the most commonly sold sachet water.
Sample collection
A total of 41 branded sachet water samples; one from each community (from different sachet water manufacturing companies), were randomly purchased from vendors on the streets. For each brand of sachet water, we tested 3 independent samples to correct for bias in sampling. The choice of purchase was based on the most commonly patronized sachet water by the inhabitants of a given community. The most commonly patronized sachet water was determined after interviewing a number of people in the community. The samples were stored on ice and transported We recommend that further studies be carried to investigate the efficiency of the treatment processes. Ngmekpele & Hawkins (2015) attributed the failure of most sachet water companies to adhere to the Hazard Analysis Critical Control Point (HACCP) system as another cause of contamination. The HACCP seeks
The results indicated that 11 out of the 41 (26.83%) sachet water brands sampled had coliforms exceeding the World Health Organization (WHO) and U.S. Food and Drugs Administration (U.S. FDA) approved limits of 9.2 MPN. The coliform MPN of the samples was used to grade the samples as Excellent (<2MPN/100), Satisfactory (2--3 MPN/100ml), Suspicious (4--10 MPN/100ml) and Unsatisfactory (>10MPN/100ml) ( Figure 4) 3, 5 . The majority of the samples (56.09%) were excellent, with 4.87% and 14.63% as satisfactory and suspicious respectively. 10 samples (24.4%) however, were unsatisfactory (Figure 4) .
To determine the degree of fecal contamination, WHO and U.S. FDA standards were used to sort the samples based on the total fecal E. coli. The samples were graded Excellent (0 MPN/100ml), Suspicious (1--2 MPN/100ml) and Unsatisfactory (>2 MPN/100ml). The majority of the samples (85.56%) were satisfactory, however, 4 samples (9.76%) were suspicious and 2 others (4.88%) were unsatisfactory ( Figure 5 ).
Discussion
The study of the microbiological quality of sachet water has been a topic of interest to researchers since mid-1990s 14 .
Nonetheless, publications on the microbial content of sachet water are still scarce, with only a few studies having a large sample size and are not representative of a nationwide study. Our study collected branded sachet water samples from 41 communities within 5 regions in Ghana to provide a better representation of the microbial water quality across the nation.
Based on the WHO 5 and U.S. FDA 13 standards, analytical samples should not have total coliform more than 9.2 MPN/100ml of water and must be free from fecal E. coli (thus 0 MPN/100ml).
Our study revealed that 26.83% of our samples tested did not meet the above requirement as far as total coliform is concerned while 14.63% of the samples tested positive for fecal E. coli. Majority of the samples that had microbial contaminants were from the rural and peri-urban communities. These communities are often associated with poor sanitary conditions which could be a probable contributor to the above observations as well as failure of some production facilities to adhere to good sanitation practices. However, it is very important to further investigate the source of these contaminations.
Ideally, treated water should not have any coliform 10 , however, several studies have indicated the presence of microbial contamination in sachet water from different parts of the country 10,11,14,15 . Although the sachet water samples collected for this study were presumptively treated by the manufacturer, 58.5% of the samples tested positive for total coliforms which is indicative of the risk associated with their consumption. The presence of fecal E. coli in these samples point to fecal contamination. The trend observed in the contamination across the regions suggests more of a generalized rather than a centralized contamination. These microbial contaminants could have been either introduced during the manufacturing or post-manufacturing processes. Should these contaminants be as a result of gaps in the manufacturing processes, then it raises a lot of concern about the efficiency of the treatment processes involved in making the water wholesome for consumption.
to help check and eliminate the various levels of contamination that may occur in the sachet water production processes. Therefore, it is very essential that the manufacturing of sachet water be closely monitored by the regulatory bodies in charge to ensure strict adherence to the standard manufacturing procedures. Addo et al. (2009) randomly collected 30 sachets of 10 different brands of "pure water" from Teshie and Nungua, in the Greater Accra Region of Ghana. From their analysis none of the brands sampled met the WHO standards for drinking water based on their microbial contamination. Also, other related studies 10 implicated both vendors and poor production practices as the source of the microbial contamination. To effectively identify the sources of contamination of sachet water, a progressive study should be done with different brands of sachet water following them from production to consumers.
The strengths of this study include (1) obtaining random samples from each of the five regions, (2) accounting for overestimation of statistical significance for small samples using Yates correction for continuity in the Chi-squared test, and (3) the use of fisher's exact test where cell counts are less than five.
Conclusion
The study identified microbial contamination; most alarming being contamination with E. coli in sachet water sampled in five regions across Ghana. As far as microbiological quality is concerned, sachet water has not yet attained levels that make it absolutely pure and wholesome for consumption.
Regulatory bodies in Ghana
There are two main regulatory bodies in Ghana that are responsible for the regulation of companies that produce drinking water. Ghana Food and Drugs Authority (https://fdaghana.gov.gh) which provides operational guidelines including codes of practice and good manufacturing practices for food, drug and other related manufacturing companies. The second regulatory body is Ghana Standards Authority (https://www.gsa.gov.gh/) which has the vision of contributing towards growth of industry, protect consumers and facilitate trade through standardization, metrology and conformity assessment. These two regulatory ensure that drinking water producers meet all requirements for production before a permit is given. The regulatory bodies also have Quality Assessment departments that are responsible for quality check of licensed products including water. All the above efforts are towards the production of safe products for customer consumption.
Data availability
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Introduction
The authors present sachet water production and consumption at the beginning of the introduction as something specific to Ghana whereas it is common practice in many countries in Africa (West Africa mainly) (Nigeria, Cameroon). It would be good to move from general to specific.
Methods Figure 1 and Table 1 are used in the method section to back up the wider geographic coverage of this study. But there is no link between what is found in table 1 and geographical coverage. The authors should clarify that. Was the map drawn by the authors or it is just an adaptation from another map? If that is the case, then the authors should specify that.
Study site and design
Sachet water samples were collected from 41 selected communities. How many samples were collected per community? The reader may have the impression that only one sample was collected per community. If that is the case, why? If many samples were collected then, your sample size should be 41 times the number of sample per brand. The authors should have collected more samples per community and even evaluate the storage conditions in each store, which information would have helped them discuss better their results. Did the authors collect each sachet water brands from the source (packaging company) to rule out the fact that water leaves the company already contaminated? If not, they should put that as a point in the discussion. Giving the brand's names as ObiriDanso (2003) did in their paper "The microbiological quality of et al drinking water sold on the streets in Kumasi, Ghana" could be of great importance to the consumers in making the choice of which brands to take. Maybe ethically this is not correct but the authors should think about it.
"These communities gave a fair representation of rural, urban as well as peri-urban communities in Ghana thus giving the study a wider geographic coverage " the authors mentioned this in their study design, the reader would expect them to present the results and discuss them with respect to level of urbanisation which is not the case in the current version of the paper.
Sample collection
-There is a word missing in the following sentence "The most commonly patronized sachet -There is a word missing in the following sentence "The most commonly patronized sachet water was determined after interviewing a number of people the community [...] to central point laboratories within each region where analysis were carried out." There seems to be a grammatical error in this sentence "where analysis was carried out or where analyses were"… Again, in the methods, the authors did not describe clearly the measures taken to avoid contamination during sample transport and manipulation in the lab which could have contributed to the number of micro-organisms found.
Results
……E. coli was estimated at 1299.7 and 27.5 respectively with samples from the Volta region having more positive total coliforms and E. coli compared to other regions (Table 1) There is no link between the sentence and table1. The authors should make sure tables and figures are properly reference in the text.
The title of figure 3 :"Regional analysis of the samples" does not really describe the figure. The reader may think from the title that the figure summarizes the methods used to analyse the sample in different regions and not the analysis outcomes which the authors are referring to.
Introduction
Comment:
The authors present sachet water production and consumption at the beginning of the introduction as something specific to Ghana whereas it is common practice in many countries in Africa (West Africa mainly) (Nigeria, Cameroon). It would be good to move from general to specific. Response: Comments addressed in manuscript
Methods
Comment: Figure 1 and Table 1 samples per community and even evaluate the storage conditions in each store, which information samples per community and even evaluate the storage conditions in each store, which information would have helped them discuss better their results. Did the authors collect each sachet water brands from the source (packaging company) to rule out the fact that water leaves the company already contaminated? If not, they should put that as a point in the discussion. Response:
The study was designed to examine the wholesomeness of sachet water in Ghana. Therefore, the target was focused on microbial contaminants at the time it gets to the end user. It would have been interesting to sample water at the source (manufacturing treatment plant), and at the market but it was difficult to incorporate it in the study due to some technical challenges.
Comment:
Giving the brand's names as ObiriDanso (2003) did in their paper "The microbiological et al quality of drinking water sold on the streets in Kumasi, Ghana" could be of great importance to the consumers in making the choice of which brands to take. Maybe ethically this is not correct but the authors should think about it. Response: As rightly said, we considered the ethics of publishing the brand names and decided to leave them out.
Comment: "These communities gave a fair representation of rural, urban as well as peri-urban communities in Ghana thus giving the study a wider geographic coverage " the authors mentioned this in their study design, the reader would expect them to present the results and discuss them with respect to level of urbanisation which is not the case in the current version of the paper. Response: Comments addressed in manuscript
Sample collection
Comment: -There is a word missing in the following sentence "The most commonly patronized sachet water was determined after interviewing a number of people the community [...] to central point laboratories within each region where analysis were carried out." There seems to be a grammatical error in this sentence "where analysis was carried out or where analyses were"… Response: Comments addressed in manuscript Comment: Again, in the methods, the authors did not describe clearly the measures taken to avoid contamination during sample transport and manipulation in the lab which could have contributed to the number of micro-organisms found. Response: Comments addressed in manuscript. In addition, transportation, as described by Johnson et al., was stated in the manuscript which gives reference to the aseptic measures used during the sample collection.
Results
Comment:
1
